r 



(19) 



(12) 



(43) Date of publication: 

10.01.2001 Bulletin 2001/02 



Europaisches Patentamt 
European Patent Office 

Office europeen des brevets (11) EP 1 067 729 A2 

EUROPEAN PATENT APPLICATION 

(51) Int CI. 7 : H04L 1/00 



(21) Application number: 00114556.4 

(22) Date of filing: 06.07.2000 



(84) 


Designated Contracting States: 


(72) Inventor: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Samamoto, Yoshifumi, 




MC NL PT SE 


c/o NEC Corporation 




Designated Extension States: 


Tokyo (JP) 




AL LT LV MK RO SI 


(74) Representative: 


(30) 


Priority: 09.07.1999 JP 19532299 


Glawe, Derfs, Moll & Partner 


Patentanwalte 


(71) 


Applicant: NEC CORPORATION 


Postfach 26 01 62 




Tokyo (JP) 


80058 Munchen (DE) 



(54) Data transfer control system for mobile packet communications 



(57) In a data transfer control system in mobile data 
communications system, when the data transfer from a 
mobile terminal to a base station system starts, the 
transfer rate is controlled to increase sequentially from a 
low transfer rate to be set initially. The mobile data com- 
munications system with a channel structure where the 
rate of data transfer can be varied has: a mobile termi- 
nal which is connected to a terminal equipment and 

FIG.3 



whose transfer rate is controlled to increase sequen- 
tially from a low transfer rate to be set initially when the 
data transfer from the terminal equipment to a base sta- 
tion system starts; and the base station system for 
sending control information for controlling the transfer 
rate of the mobile terminal to the mobile terminal based 
on the quality of receive signal. 
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Description 

FIELD OF THE INVENTION 
5 [0001] This invention relates to a data transfer control system in mobile packet data communications. 
BACKGROUND OF THE INVENTION 

[0002] When packet communications are introduced into a mobile communication system using a CDMA (code 
10 division multiple access) communications system where a diffusion code in spread spectrum system in wide-band fre- 
quency is assigned to each communication, it is necessary to take the traffic characteristic of packet communication 
into account. A packet data in mobile communication system is radio-transmitted from a mobile terminal (mobile station) 
such as a PHS (personal handyphone system) terminal and a portable telephone terminal, which is connected to a ter- 
minal equipment such as a personal computer, to a base station (BS), then transmitted through the base station, a 
is base-station control station (MSC: mobile switching center) and a packet gateway etc. to a packet communications net- 
work such as the Internet and LAN. 

[0003] Meanwhile, the packet (data) communications have a stronger burst in data stream than speech communi- 
cations. So, when the data transfer is allowed at a high transfer rate, there occurs an abrupt change in data transfer rate. 
Namely, the data stream abruptly changes in quantity and with time. 
20 [0004] Also, in CDMA communication system, the ratio of the amount of interference and the amount of signal in 
communication or the frame error rate is observed. Thereby, a new communication is permitted (channel assign) or the 
control of transmission power is conducted. 

[0005] However, when the data stream abruptly changes in quantity and with time like the packet communications, 
the control may be difficult to conduct sequentially based on a value measured by the base station. 
25 [0006] When all terminal equipments (TE) use self-declared maximum bandwidths, the radio section falls into con- 
gestion so that they become impossible of normal communications. This is because it is estimated that a probability that 
all channels are simultaneously used for data communications at the maximum bandwidths is very low. It is applicable 
to a case that the number of channels is large to some extent. 

[0007] However, when a large amount of data transfer is conducted in a short time (with a short suspense time than 

30 that in speech communications) like the packet communications, a probability that there occurs a phenomenon that a 
large amount of data transfer is simultaneously conducted by multiple terminal equipments (TE) becomes high. 
[0008] FIG.1 is a schematic diagram showing a conventional example of control of data transfer rate. In FIG. 1 , (a) 
is the quality of signal observed at the base station and (b) is the data transfer band of three mobile terminals 1, 2 and 
3. Explaining the worst case, when none of terminal equipments is used for the communications (time <1) in FIG.1 ), an 

35 acceptable amount of data transfer measured at the base station side takes a large value. Therefore, all the terminal 
equipments connected to the mobile terminals 1 , 2 and 3 assume that they are allowed to communicate at the respec- 
tive maximum bandwidths (BW1 , BW2, BW3), and then start to transmit data (time <2> in FIG. 1 ). As a result, the amount 
of interference measured at the base station side increases, and the quality of communications measured at the base 
station deteriorates. Thus, they become impossible of normal communications. 

40 - [0009] «^herefore, all the terminal equipments (TE) lose the next chance to communicate, waiting for communica- 
tion. As a result, the measured value at the base station to manage the terminal equipment comes into a good state 
again (time (3) in FIG.1). Also, all the terminal equipments (TE) start to communicate (time <4> in FIG.1). 
[0010] Accordingly, as shown in FIG.1 , repeated are the start of data communication at the maximum bandwidth of 
all the terminal equipments, the transition to good quality of communications due to the deterioration in quality of com- 

45 munications and the wait state for communication, and the next start of data communication at the maximum bandwidth 
of all the terminal equipments. 

[0011] For example, the terminal equipments TE1, TE2 and TE3 connected to the three mobile terminals are 
allowed to have a maximum transfer rate of 2048 kbps, and the base station to manage the three mobile terminals is a 
system capable of allowing a transfer rate of up to 4096 kbps. 
so [0012] In this case, if the three terminal equipments TE1 , TE2 and TE3 simultaneously start to transfer data, then 
signal corresponding to 6144 kbps is input to the base station. Namely, it exceeds the acceptable value drastically. 
Therefore, the base station cannot receive signal normally. 

[0013] Thus, there occurs a vicious cycle that the data transfer, interference and intermission are repeated. As a 
result, the amount of data transmittable lowers. Further, as the case may be, there occurs even a case that the data 
55 transfer itself becomes impossible to conduct. 

[0014] To avoid such a vicious cycie, the control of data transfer is required. In this regard, it is desirable that the 
control service is conducted evenly without stopping the data transfer in part of the terminal equipments (TE). 



2 

BNSDOCID: <EP 1 067729 A2_l_> 



EP 1 067 729 A2 

SUMMARY OF THF INVENTION 

[001 5] Accordingly, it is an object of the invention to provide a data transfer control system that, even when multiple 
mobile terminals simultaneously start the data transfer, the data transfer can be conducted smoothly while avoiding a 
5 congestion. 

[0016] According to the invention, provided is a data transfer control system in mobile data communications sys- 
tem, wherein 

when the data transfer from a mobile terminal to a base station system starts, the transfer rate is controlled to 
io increase sequentially from a low transfer rate to be set initially. 

[0017] According to another aspect of the invention, a mobile data communications system with a channel structure 
where the rate of data transfer can be varied, comprises: 

15 a mobile terminal which is connected to a terminal equipment and whose transfer rate is controlled to increase 

sequentially from a low transfer rate to be set initially when the data transfer from the terminal equipment to a base 
station system starts; and 

the base station system for sending control information for controlling the transfer rate of the mobile terminal to the 
mobile terminal based on the quality of receive signal. 

20 

[001 8] In this invention, for the communications system with a channel structure where the rate of data transfer can 
be varied, when the data transfer from a mobile terminal in a channel starts, the transfer rate is controlled to be set 
based on the quality of receive signal at its base station system. 

[0019] To transmit at a high transfer rate means to transmit at high transmission power. Thereby, the amount of 
25 interference in another channel increases. If a large variation in the amount of interference occurs in a short time, the 
cycle of observation and control does not function effectively, therefore the effective rate of data transfer will-lower. 
[0020] So, in this invention, the rate of data transfer at the terminal equipment and mobile terminal is set based on 
the observed value of the amount of interference on the base station system side. 

[0021] In this invention, the mobile terminal is controlled to start the data transfer from the terminal equipment to 
30 the base station system at a low transfer rate, and the base station system sends control information for controlling the 
transfer rate to the mobile terminal based on the quality of receive signal. 

[0022] The mobile terminal sets the initial transfer rate at the time when the data transfer starts, based on the con- 
trol information from the base station system. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The invention will be explained in more detail in conjunction with the appended drawings, wherein: 

FIG.1 is a schematic diagram showing the conventional example of control of data transfer rate; 
-40 FIG^2 is a schematic diagram showing the overall composition of a mobile communications system in a preferred 

embodiment of the invention; ^ 

FIG.3 is a block diagram showing the composition of a mobile terminal (MT) and base station system (BSS) in a 
preferred embodiment of the invention; 

FIG. 4 is a diagram showing an example of upstream control sequence of data transfer in a preferred embodiment 
45 of the invention; 

FIG.5 is graphs showing a time shift in data transfer control in a first preferred embodiment of the invention; and 
FIG. 6 is graphs showing a time shift in data transfer control in a second preferred embodiment of the invention. 



50 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0024] In the preferred embodiment of the invention, a base station is provided with means for measuring the 
amount of interference in receive signal and means for transmitting control information for controlling the transfer rate 
to a mobile terminal based on the measured amount of interference. The means for measuring the amount of interfer- 
ence in receive signal measures the ratio of the received power and interference power per one bit of receive signal. 
55 [0025] Further, the base station is provided with means for, based on the measured amount of interference, notify- 
ing a mobile terminal to start the data transfer newly of an initial transfer rate or the disapproval of starting the transfer, 
and for transmitting control information about which transfer rate is set to a mobile terminal that is currently conducting 
the data transfer. The mobile terminal receiving the control information from the base station, based on the control infor- 
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mation, sets the transfer rate of data and instructs the flow control of a terminal equipment connected to the mobile ter- 
minal. Thereby, the data transfer is conducted at the transfer rate by that setting. 

[0026] Next, the preferred embodiments of the invention will be explained in detail, referring to the drawings. 
[0027] FIG. 2 is a schematic diagram showing the overall composition of a mobile communications system in the 
preferred embodiment of the invention. In FIG. 2, the mobile communications system is composed of terminal equip- 
ments (TE), mobile terminals (MT) connected to the terminal equipments, base station systems (BSS), a mobile switch- 
ing center (MSC), and a gateway MSC (GMSC). Urn is a radio interface, and PDN is a packet data network. Meanwhile, 
when data is transmitted from a terminal equipment such as a personal computer, a packet output from the terminal 
equipment is sent to the gateway MSC (GMSC). Also, for a receive packet, the gateway MSC (GMSC) selects a base 
station using a terminal position management function (location register) etc. based on the internal address according 
to the IP address etc. Thereby, the packet is sent to a mobile terminal, then forwarded from the mobile terminal to the 
terminal equipment. 

[0028] FIG.3 is a block diagram showing the composition of a mobile terminal (MT) and base station system (BSS) 
in the preferred embodiment of the invention. The mobile terminal (MT) 10 is composed of a MT radio related section 
1 1 which conducts the radio communication with a base station system 20, a MT data transfer section 12 which con- 
ducts the data transfer to and from a terminal equipment 30, a MT observation section 1 3, and a MT control section 1 4. 
The base station system (BSS) 20 is composed of a BSS radio related section 21 which conducts the radio communi- 
cation with the mobile terminal (MT) 10, a BSS data transfer section 22 which conducts the data transfer between the 
BSS radio related section 21 and the mobile switching center (MSC) etc., a BSS observation section 23 which observes 
the quality of receive signal, and a BSS control section 24. 

[0029] FIG.4 is a diagram showing an example of upstream control sequence, from the mobile terminal (MT) to the 
base station system (BSS), in the preferred embodiment of the invention. FIG. 5 is graphs showing an example of time 
shift in data transfer control in the preferred embodiment of the invention. 

[0030] Referring to FIGS.2 to 4, the operation in the embodiment of the invention will be explained below. 
[0031] The BSS observation section 23 of the base station system (BSS) 20 measures the ratio (Eb/lo) of received 
power and interference power per one bit of signal, thereby monitoring whether the base station system (BSS) 20 can 
accept data. A large value of Eb/lo indicates that the quality of signal is high, and a small value of Eb/lo indicates that 
the quality of signal is low. 

[0032] The base station system (BSS) 20 sends a measured value (observed value), as control information, corre- 
sponding to Eb/lo from the BSS radio related section 21 to a necessary mobile terminal (MT) 10 «1) broadcast of 
observed value in FIG.4). 

[0033] In the mobile terminal (MT) 10, the MT observation section 13 receives the control information (observed 
value), and informs the MT control section 1 4 of the control information «2) in FIG.4). Receiving the information, the MT 
control section 14 instructs the MT data transfer section 12 about the change of transfer rate etc. «3> in FIG.4), and 
instructs the terminal equipment 30 about the flow control according to the concerned rate of data transfer ((4> in FIG.4). 
Thereby the data transfer is conducted at a transfer rate by setting ((5> in FIG.4). 

[0034] An example of the instruction of transfer rate to the MT data transfer section 12 is as shown in Table 1 below. 



Table 1 



Rate 1 


64 kbps 


Rate 2 


128 kbps 


Rate 3 


256 kbps 


Rate 4 


512 kbps 


Rate 5 


1024 kbps 


Rate 6 


1536 kbps 


Rate 7 


2048 kbps (maximum rate) 



[0035] It is assumed that the base station system (BSS) 20 can process Eb/lo corresponding to 4096 kbps at the 
maximum. Also, it is assumed that, in the system, the reception at the base station system (BSS) 20 is controlled to be 
between 3500 kbps and 4096 kbps. 

[0036] The base station system (BSS) 20, as shown in Table 2 below, sends control information (controls 1 to 3) to 
the mobile terminal according to the quality of receive signal. 
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Table 2 



10 



Control info. 


Control conditions 


Control contents 


Control 1 


The quality of receive signal at the base station 
system corresponds to lower than 3500 kbps. 


A mobile terminal not conducting the data trans- 
fer so far is allowed to start at data transfer rate 
[1]. A mobile terminal conducting the data trans- 
Ter IS aiioweo to cnange ine raie [inj iruu raic 
[N+1]. 


Control 2 


The quality of receive signal at the base station 
system corresponds between 3500 kbps and 
4096 kbps. 


A new data transfer is not allowed to start. A 
mobile terminal communicating currently is to 
maintain the status. 


Control 3 


The quality of receive signal at the base station 
system corresponds to higher than 4096 kbps. 


A new data transfer is not allowed to start. A 
mobile terminal communicating currently is to 
change the data transfer rate [N] into [N-1]. The 
mobile terminal at rate [1 ] intermits the data 
transfer. 



20 



25 



30 



35 



[0037] The explanation below is given assuming that, as shown in FIG.5, control 1 in Table 2 is output as control 
information from the base station system. 

[0038] It is assumed that multiple mobile terminals MT1, MT2 and MT3 simultaneously start the data transfer at 
time (time step) T1 . The mobile terminals first start the data transfer at data transfer rate [1 ] (64 kbps), and therefore the 
base station system conducts the reception of 192 kbps. 

[0039] Since the base station system can still accept data sufficiently, it makes the control information keep control 
1. 

[0040] The mobile terminals MT1 , MT2 and MT3 increase the rate in the order of transfer rate [2] (1 28 kbps) at time 
T2, transfer rate [3] (256 kbps) at time T3, transfer rate [4] (512 kbps) at time T4 ( and transfer rate [5] (1024 kbps) at 
time T5. 

[0041] All the mobile terminals MT1 , MT2 and MT3 have transfer rate [6] (1536 kbps) at time T6. As a result, the 
base station system is subject to reception of 4608 kbps, which exceeds 4096 kbps. Therefore, it switches the control 
information into control 3 in Table 2, thereby controlling the data transfer of the mobile terminals to lower. 
[0042] Receiving the control information from the base station system, the mobile terminals MT1, MT2 and MT3 
lowers the rate to transfer rate [5] (1 024 kbps), thereby the reception is less than the rated value (4096 kbps). 
[0043] Then, at time T7, the base station system switches the control information into control 1 . Receiving this, the 
mobile terminals MT1 , MT2 and MT3 increases the rate to transfer rate [6] (1536). 

[0044] The base station system is subject to reception of 4608 kbps, which exceeds 4096 kbps. Therefore, it 
switches the control information into control 3 in Table 2, thereby controlling the data transfer of the mobile terminals to 
lower. & ~ 

[0045] By repeating the control of transfer rate, the communication can be conducted substantially at the middle 
rate of 1024 kbps and 1536 kbps. 

[0046] The operation of data transfer control in the second preferred embodiment of the invention will be explained 
below. In this embodiment, the base station system controls data transfer more finely, so that the data transfer rate of 
mobile terminals can be stabilized more quickly. 

[0047] An example of control information of the base station system is shown in Table 3. 



Table 3 



Control info. 


Control conditions 


Control contents 


Control 1 1 


The quality of receive signal at the base station 
system corresponds to between 3968 kbps and 
4032 kbps. 


A mobile terminal not conducting the data trans- 
fer so far is allowed to start at data transfer rate 
[1]. A mobile terminal conducting the data trans- 
fer is allowed to increase by a corresponding 
value to the transfer rate [1 ].. 
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Table 3 (continued) 





Control info. 


Control conditions 


Control contents 


5 


Control 12 


The quality of receive signal at the base station 
system corresponds to between 3840 kbps and 
3S68 kbps. 


A mobile terminal not conducting the data trans- 
fer SO far is allowed to start at data tran^fpr rate* 
[2]. A mobile terminal conducting the data trans- 
fer is allowed to increase by a corresponding 
value to the transfer rate [2]. 


10 


Control 13 


The quality of receive signal at the base station 
system corresponds to between 3584 kbps and 
3840 kbps. 


A mobile terminal not conducting the data trans- 
fer so far is allowed to ^tart at data tran«?fpr ratp 
[3]. A mobile terminal conducting the data trans- 
fer is allowed to increase by a corresponding 
value to the transfer rate [3]. 


15 


Control 14 


The quality of receive signal at the base station 
system corresponds to between 0 kbps and 
3584 kbps. 


A mobile terminal not conducting the data trans- 
fer so far is allowed to start at data transfer rate 
[4]. A mobile terminal conducting the data trans- 
fer is allowed to increase by a corresponding 
value to the transfer rate [4], 


20 


Control 2 


The quality of receive signal at the base station 
system corresponds to between 4032 kbps and 
4096 kbps. 


A new data transfer is not allowed to start. A 
mobile terminal communicating currently is to 
maintain the status. 


25 


Control 3 


The quality of receive signal at the base station 
system corresponds to higher than 4096 kbps. 


A new data transfer is not allowed to start. A 
mobile terminal communicating currently is to 
change the data transfer rate [N] into [N-1]. The 
mobile terminal at rate [1] intermits the data 
transfer. 



so [0048] Referring to FIG. 6, the second embodiment of the invention is explained. The explanation below is given 
assuming that control information 14 in Table 3 is output from the base station system. 

[0049] It is assumed that the mobile terminals MT1 , MT2 and MT3 simultaneously start the data transfer at time 
(time step) T1 . 

[0050] The mobile terminals MT1 , MT2 and MT3 first start the data transfer at data transfer rate [4] (51 2 kbps), and 
35 therefore the base station system conducts the reception of 1536 kbps. 

[0051] Since the base station system can still accept data sufficiently, it makes the control information keep control 
14 in Table 3. 

[0052] The mobile terminals MT1 , MT2 and MT3 increase the rate to transfer rate [5] (1 024 kbps) at time T2. 
[0053] When the mobile terminals MT1 , MT2 and MT3 have transfer rate [6] (1 536 kbps) at time T3, the base sta- 
40 ,tion system is subject to reception of 4608 kbps, which exceeds 4096 kbps. Therefore, it switches the control informa- 
tion into control 3, thereby controlling the data transfer of the mobile terminals to lower. * 

[0054] Thus, in the second embodiment of the invention, the time taken until the rate stabilizes can be less than that 
in the first embodiment. 

45 Advantages of the Invention: 

[0055] In this invention, the data transfer rate is controlled to increase sequentially from a low transfer rate, not a 
rate originally allowed to the mobile terminal, and when the rate exceeds the reception band of base station system, the 
transfer rate is controlled to reduce. Thereby, even when multiple mobile terminals simultaneously start the data trans- 
so fer, the data transfer can be conducted smoothly. 

[0056] Although the invention has been described with respect to specific embodiment for complete and clear dis- 
closure, the appended claims are not to be thus limited but are to be construed as embodying all modification and alter- 
native constructions that may be occurred to one skilled in the art which fairly fall within the basic teaching here is set 
forth. 

55 

Claims 



1 . A data transfer control system in mobile data communications system, wherein 
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when the data transfer from a mobile terminal to a base station system starts, the transfer rate is controlled to 
increase sequentially from a low transfer rate to be set initially. 

2. A data transfer control system, according to claim 1 , wherein: 

the transfer rate at said mobile terminal is controlled to be set based on the quality of receive signal at said 
base station system. 

3. A data transfer control system, according to claim 1 , wherein: 

the initial transfer rate at the time when said mobile terminal starts the data transfer is set based on control 
information from said base station system, and when said mobile terminal is conducting the data transfer, the 
rate of data transfer is controlled to vary based on the control information from said base station system. 

4. A data transfer control system, according to claim 1 , wherein: 

said base station system sends the control information for controlling the transfer rate to said mobile terminal 
according to the amount of interference in receive signal. 

5. A data transfer control system, according to claim 1 , wherein: 

according to the amount of interference in receive signal, said base station system notifies a mobile terminal 
to start the data transfer newly of an initial transfer rate or the disapproval of starting the transfer, and sends 
the control information about which transfer rate is set to a mobile terminal that is currently conducting the data 
transfer. 

6. A data transfer control system, according to claim 4, wherein: 

said base station system measures the ratio of the received power and interference power per one bit of 
receive signal, and sends the control information for controlling the transfer rate to said mobile terminal accord- 
ing to the measured value. 

7. A data transfer control system, according to claim 5, wherein: 

said base station system measures the ratio of the received power and interference power per one bit of 
receive signal, and sends the control information for controlling the transfer rate to said mobile terminal accord- 
ing to the measured value. 

8. A data transfer control system, according to claim 1 , wherein: 

SB 

said mobile terminal radio-communicate with said base station system by using a CDMA communications sys- 
tem. 

9. A mobile data communications system with a channel structure where the rate of data transfer can be varied, com- 
prising: 

a mobile terminal which is connected to a terminal equipment and whose transfer rate is controlled to increase 
sequentially from a low transfer rate to be set initially when the data transfer from said terminal equipment to a 
base station system starts; and 

said base station system for sending control information for controlling the transfer rate of said mobile terminal 
to said mobile terminal based on the quality of receive signal. 

10. A mobile data communications system, according to claim 9, wherein: 

said mobile terminal is composed of means for setting the initial transfer rate at the time when said mobile ter- 
minal starts the data transfer based on control information from said base station system, and for varying the 
rate of data transfer based on the control information from said base station system when said mobile terminal 
is conducting the data transfer. 
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11. A mobile data communications system, according to claim 9, wherein: 

said base station system is composed of means for measuring the amount of interference in receive signal, 
and means for sending the control information for controlling the transfer rate of said mobile terminal to said 
5 mobile terminal according to the measured amount of interference. 

12. A mobile data communications system, according to claim 9, wherein: 

said base station system is composed of means for measuring the amount of interference in receive signal, 
w and means for, according to the amount of interference in receive signal, notifying a mobile terminal to start the 

data transfer newly of an initial transfer rate or the disapproval of starting the transfer and for sending the con- 
trol information about which transfer rate is set to a mobile terminal that is currently conducting the data trans- 
fer. 

is 13. A mobile data communications system, according to claim 9, wherein: 

said mobile terminal receiving the control information from said base station system sets the rate of data trans- 
fer and instructs the flow control to the terminal equipment connected, based on the control information. 

20 14. A mobile data communications system, according to claim 9, wherein: 

said base station system measures the ratio of the received power and interference power per one bit of 
receive signal, and sends the control information for controlling the transfer rate to said mobile terminal accord- 
ing to the measured value. 
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30 



35 



15. A mobile data communications system, according to claim 9, wherein: 

said mobile terminal radio-communicate with said base station system by using a CDMA communications sys- 
tem. 



so 
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(54) Data transfer control system for mobile packet communications 



(57) In a data transfer control system in mobile data 
communications system, when the data transfer from a 
mobile terminal to a base station system starts, the 
transfer rate is controlled to increase sequentially from 
a low transfer rate to be set initially. The mobile data 
communications system with a channel structure where 
the rate of data transfer can be varied has: a mobile ter- 



minal which is connected to a terminal equipment and 
whose transfer rate is controlled to increase sequentially 
from a low transfer rate to be set initially when the data 
transfer from the terminal equipment to a base station 
system starts; and the base station system for sending 
control information for controlling the transfer rate of the 
mobile terminal to the mobile terminal based on the 
quality of receive signal. 
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